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PROCEDE ET INSTALLATION DE FORAGE ET DE CHEMISAGB D'UN 
PUTTS, NOTAMMENT DTJN PUTTS DE FORAGE PETROL I ER, AU 
MOYEN DB TRONCONS TUBULAIRES ABOUT ES IN1TIALEMENT 
SOUPLES, ET DURCIS IN SITU 

La presente in venuoo coocerne un pfocnde pour f oreretcnemiserun puits, 
notammcnl un pints de forage petalier, so moyca d'un ensemble de trancons tubulaiics 

- ou prtibnnes - siinilaiits, imtialement souptcs* spies ft tot itpltecs loogtndinaJcment 
sur dks-tntocs pour toe fatroduto dans it pma t puis a tot dcplices mfisJemfflt sons 

5 Peffet d'unc pftstioa interne pour prendre une fonne cylindriquc, et enfin ft tot 
rigitfiftecs ULflfll par polyntermuon de leur paroi, rcnoombrement transversal d'unc 
prtforme repute tent de dimension maxinule sensiblement infeneure a ton diamtot 
interne a I'ftai deplie\ et lesdites preTonnes possAlant one portion d*extrtmite~ donl le 
diamtoe - apres deplieoent • esc tegerement supericur a eclui de la preTonne. oe qui 

10 permet leur Jonction bout-a-bout par emboTtemenU avec Ttcouvrement de Indite portioo 
d'extttaiH 

Ainsi, en rtcourant a ce type de preTorrac. qui eat connue en soi 

- notamaem par le document WOA-94/21887 - il eat possible d'obtenir un chem i saac 
d'un diametre constant sur toute la longueur du puits. 

15 A cet egard, U convtent de rappeler qu'avcc des cnemisages (ou tubagea) 

trsditiottncU oonatttues par des tubes en aoer» on est oblige" d'utiliser des tronoons 
lubulsiits iflescopia^ies, 4 dian^ 

des problemes d'imtalmtion et d'expioitation ul terieure du pints. 

L'objeetif de i'invenuon eat de proposer un pvocMt de forage et de 
20 chemisage du puits, a Kaade ck pftTonncs du type mentioni* ct-dessus, qui puisse tot 
rrus en ocuvrc de maniere simple ct rapidc, a fable coflL 

Pour cda, et oonforarfmeni a I Invention, on commence par mettre en 
p(ac*un premier tnaicn^ 
troncoadant touraee ven le bas. 
25 Le proc6U acJon ! 'invention eomprend les e*apes sui vantea r 

a) on fait passer axialcment, de haut en bas, a craven I edit troocon, un 
ouul de forage, ct on fore au^dessous et dans it pratoogemcot dc cc troncon un trou de 
forme et de pjofondcar adapteca pour recevoir le troncpfi wrivant ; 

b) on itdrt Tonal de forage ; 

30 c) on inuoduit une preforme. a TdtoU rtplit\ a I'inteneur du puits en La 

fiisant traverser le troocon dejien puce, et on la posationne coovcnabJcmcat a 1'intdrieur 
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du trou, a portion d'extremite* haute venant *e placer a rinteneur de U portion d'ex- 
tremild elargic du troopon ; 

d) on introduit un ciment fluide «u food du trou, autour de U portion 

d'extremit* basse de U preTorme ; 
5 c) on introduit un fluide sous press on, de denatf supdncurc a U doLiiUi 

du dment, a Pinteneur de U preTorme afin de la deptier radalement, progressivemexrt de 
bu en haul, ca rcfoulant le dment, Cgalement de bas en haul, amour de la preTorme, 

contre Ka paroi du trou ; 

0 tout en maimenant la preTorme sous pression interne, oo eo chaufTe la 

10 paroi pour la pdytneriser; 

g) le ciment lyant pris, et la preTorme ayaat durri pour consrituer un 
tronoon tubulaire ri gide de cfacmisage, on retire axialement les outiUages ayant servi an 
goiuTageelaUpdyrnensatim 

h) on reitere Topention pour les treasons suivants, jusou'a obtenir la 
15 ioogueardepuilschemirftouhmilec. 

Lorsque, comme cela sera expuque* plus loin, la preTorme preeeale des 
reserves de reane aptes a migrer vers Pexteneur pour former des verrous annulaircs 
d'Aancbeiic*, le podtioonement de ces venous est realise* au delxitde Pftape f d-dessux 
l>roaniereperttaffl^^ 

20 genre trtpsii,apie a occupy 

premier 4tat d'eocombrement minimal, lui permcttant de passer a l^ntencurdu tronoon 
dejaen place, un second Oat. d'encomhrenient interm&iiaire, pour le forage de la partie 
prindpsde du trou et un trotsteme £tat, d'encombremcat maximal , pour le forage de la 
partie du&ou dead nee a re<«voirU portion 

25 0^ in node deiealisatto 

a la rxdymensation de U prfforme, ainsi qu'a U distribution du ciment, comprend une lete 
a double valve place* en |aulk basse de la prtf^ 
fliiide de gonfiay a I'iiilene^ 

^installation de forage et de chemisage, qui fait egaJeme&t partie de la 

30 presmtemv«iaon.ser*art 

qu'dle comprend, en tete depuits: 

- une bobine de stockage et de reception, k leut enrould, de ladite 

preTorme ; 

- one tete surplombant reatrec du puits, aptc a pcrmettrc le guidagc et 
35 I 'introduction, dans le puits, deU preTorme et des different! outillages servant au forage 

du pints ainsi qu'au gonflage et aU polymensationdc la preTorme ; 
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- de* bobtneadc ttodoge a letat eoroulc" de tubes m&alliques elastique- 
rocnt deTonnables antes afaircdescendre et retnooter KesditsouiiHagesdaiis le puits, Tun 
de ces tubes couteoant uo cable servant a 1 'alimentation de ta preTonne en courant 
electrujue; 

. uo genermteur de courant elecaique. 

D'auues caractcnstiqucs et avantages de Pinvcntioo apparmltront de la 
description et des dessins annexed qui en represenlent, a simple titre d'exemples non 
yndtsjgft «odfl de pise en ceuvre prtfeid. ainsi que rinstalbtion coneapondante. 

Sur ces detains: 

- Let figures 1 a 4 soot dee vues sdsftnafaqucs, en coupe axiale, momrant 
lea diffensotes ttapes de I'openuion de forage de la panic de prits qui doit recevoir la 
preTonne ; 

- la figure 5 est unc vue scWmauque d'une preTocme et de routfllage dont 
die est soUdsiie, avant mise en place, dans le putts ; 

- les figures 6 et 7 son! des vues parti dies de rextremite' basse de la 
preTonne, destinees a illustrer le prindpe de le double valve dont cat pourvue U ttte 
d'ouullage; 

- les figuia 8 a 15 tUustieat lea duTe^ 
preTonne an bout d'un troocon deja en place; 

- U figure 16 represente schemauquemenU en coupe axiale, on poits 
cbernise par trois troocroccejuauxabouic*; 

- la figure 17 est unc vue schemaoquc montnat les differenU materiel* 
constitutor* de riastallanoo. situes en surface (tele de puits) ; 

-les figures 18a30- aechellepltts petile - illustrcnt k fooctiocneroeot de 
t'uistallanon an cours des duTerentea e^apes do chemisage. 

La figure 1 represente Rextremite" basse d'un puits vertical en cours dc 
f crags et de chtaniamge. Cm pints, incomptetement lore*, comporte un chetnisage deja en 
place sous forme d'un tube cyti ndrique rigide 2 presentant one portion d'extremite* basse 
206argie. 

Le diametrc D de cetss partie 20 est Itgexwnentr^iisgriiKlqwkaisjr^ 
d de la partie principale 2. si bien qu'U est passible d'erabotter les uns dans les autres des 
troocoos 2, avec recouvrement des parties d'extremite* 20. 

Lc troocoo de chemisage 2 est sedte dsns 1c puits per un cimcnt penpWri- 

quc20a 

Nous mllons maiDienant decrire de quelle manifest vmetre mis en place, a 
I'aidedu precede" de rinvention, le troncon juivint, oestine" aetre aboutf an troocoo 2. 
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Pour cda. commc illustre aux figures I 4 4, oq commence par forcr un 
quu destint a recevoir ce tranoon. 

A cct effei on utilise un outtl de forage i, du genre trepan, qui a la 
particularity de pouvoir etre rftracte ou dilau* radialcmenc. dans trois tuts d'encom- 

5 brementdfflereats. 

Dans un premier tot. illustrf a U figure 1. Poutil est rttiacK au maximum 
de idle maniere que sa plus grande dimension tnusversale autortse son libre passage a 
riatericur du tronoon 2, ariale m ent k traven ceha-ci 

Dam oet tot, son encombrement est done plus petit que a 
10 De mamere connue, Touti! de focagc 1 est fix* k rextremite d'une tige 

mbriaiie 10, qui parte le nioteurd'entratoan^ represent de Toutil en rotation, et 
tes organes assurani son denotement ou sa contraction radiak. 

Comitie on lemTa plus kludge 10 est montee a I •extremis d'un tube 
mtolliquc apte a etre enrouie- sur un tmmbour recepteur dispose en surface, en tfcte de 
15 puits. 

Dans un second tot de deptacment radial, illustre a It figure 2, U partie 
coupante 12 de Poutil possede un diametie de travail aenstbiement egal aD. 

L'outU ayant to dcacendu aaia l e m en t dans le puits, a trmvera le mbage 2 
deja en place, on provoque ce deploiement radial au diamtoe D lorsqu'tl est arriv* a 
20 nnteneardetajxationd 

vantndeaoentecomnieiUua^pftrU 1. 

On realise ainsi le forage cTun trou cylijjdrique au diametne D, coaxial au 
tioncon 2, dans k fmlon^ementa^ 

La profoodeur de forage correspond k la longueur du tronoon que Ton 

25 souhaite rncttrc en place. 

L/ouul I poasede des organes dc coupe additiooneis U qui peuvent etre 
deploy* radialemeot a un diamelre wpeneur a D, afin de pouvoir recevoir U portion 
tofgje du tronoon a mettre ad place. 

Commc illustre a la figure 3, par remtmtee de I'outil selon F a „ on realise 
30 mrrri m Hrwyr*"**"* tmu 3 mr une cemine hauteur. 

A la figure 4 on a designe* par la leTerence 30 la r«roi de k paitie principale 

dutrou3,parlait%enoc3 

basse du trou, dont le diametie D est leineme que cduideU partie 30. 
U iiieTorn» 4 rcpitsent& 
35 general quecdle decrite en detail dans le WO-A-94/21887 deja cite. 
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Neanmoins, die est depourvue dans a partwbwd'uoorpoeobturaieur 
gonflable, d u Tait cu'on a aflaire auntrou borgne ; de plus . U prtf ormc 4 poasfcde une 
portion d'cxtrcmitf basse 40 de section cTargie, 

La preTorme 4 est supoortee par une b$e tnbulairc 5 en acier. enrooUWe 
5 sur un tambour de Blockage rilurf en surface, et qui pennct de la faire descendre a 
PintcYkur du puits, et de lui fournir les fluides de dmentanon et de gooilagc, aioa que 
I'energk electrique poor la polymerisarion de la preTorme, par rintennediaire d'un 
dispcsiuTderaccordenietf 
tanceTcraeetaeiaccoidaiU^ 
10 Cc type detiaed'aderemoiilable est cowammcntdeagnfcc^kmAier 

par k terme anglais "COILED TUBING" - en abreg* "CT." 

Comme cdaest decrit dans le WO-A-94/21887 deja cite, la preTorme est 
obcurec 4 aes extrcmites haute et basse* de manitre emnche, par des manchoos arracha- 
bles el/ou decoupebtes en fin d*op6ratkxL 
IS La tete diatributrice 51 possfcSe use double valve 52. 53. actionnable 

select vemeat (depuU la surface), 

Comme iliustrf aux figures 6 et 7. la valve 52 pennet de distribuer un 
nukfcdegoirflafearinlerieur<k^ 
distnlwerimdmert 

20 Comme iUuitrt a la figure 8, la preTorme 4 - qui se trouve initxalemeni a 

fetal radiaiemenl repiie" - est desceoduc dans le trou 3 axialemcnt, da haul vers le bas T a 

invert le troncon de chemisage 2 deja cn place, 

Biencntendu. pour que ceci soil possible, il est necessaJre que renconv 

biementtraiisveiaaldeUpitf^ 
25 depiiee t quicontspoodicd^ 

Lorsque la prefocmc est rcpWc mr eUe-mtae» die prfsente une section cn 

-ITouen forme d'escargot - comme illustrf par example aux figures 6A et 63. 

respecn vement du document WO-A-94/25655 ; lorsqu'elle est depUee elie presente une 

secttodrcuhriie. 

30 l*ptfani*4i*po6itio^dm\tUou36tl£Uc rna^eteque sa portioo 

d'extiemit* plus large 40 ie douve en regard de PAajgissementde puits31 ; la longueur 
du trou 3 est d&erminfe pour que. dans cctte position, la portion supeneure de la 
pieTc<mesetrouveenregajd^ 

On precede alors a 1'uijection d 'une dose decmientlimUde6ala base de la 
35 preTorme, via la valve 53 (ftfccbes J, figure 9). 

Le cimcnt est choisi pour avoir une density voisine - voire legerement 
superieure-decclkdeUbrauqu^ puita. 
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L'anivte de ament a la base de la preTonne chasse done cette boue vers le 

haut 

Comma illustre* a la figure 10. on precede cnsirite au gonflagc de la 
preTorac. en injectant ua fluidc sous pressioo a rinteneur de ceile-d, via la valve 52 
5 (Heches!). 

n s'agit soil d'un liquide introduit de l'extcneur (depuis la tte de puts) 
par le conduit 5 dans la prfforae, soit d'un liquide (eau, bone ou parole) present daas le 
puits et pomp* dans la preTorme. 

Le liquide de gonflage est avancageusement cnoisa pour avoir une densite* 

10 legereraemsunerieureacdteto^ 

gonflage va ae faite progreasivement du bas vera le haut. com me symbolise* par lea 
flechcsGala figure ia 

AdeTaut, la progression du gooflage du bas vers le hautpeut toe controlee 
ea prt voyant, le long de la preTonne, une serie de bagues de contention frangible*, dont 
15 te ieuil de rupture est adaptf a cc sens de progression 

Le ciiiieai eat par consequent refouM e*galement de bai en haut coiiire la 
put* du puits, oocncie symbolise* par la Heche H , tandis que la boue 7 se trouve chassfe 
vera le haut 

De preference lc volume de cimeot periphenque n'eat paa suflisant pour 
20 attetadreUpartre haute de la liaisco aan» dment dans 

U K»e c^jcacticc eotre lea port 
11). 

I>preTer*ncn,lapreTo^^ 
cfeaud, prise en sandwich entre une peau iuterieure et une peau exteneure elastknies, et 
25 munie, cote* intfrieur, d'une reserve contenant de la reane apte a migrer vera V exteriew 
pour former des bourrelets annulaires favorisant I'ancragB ct l 'toncWiti* du tubage contre 
la paroi dupuita 

Une preTonne de ce genre est deeri te dans la demands de brevet francais 
94 08691 depone* le 7 juUkt 1994 par ia demanderease, et oto ac* 
30 tiooalefCT/re 95^00902. 

Cea venous annulaires, repertis tout le long de la preTonne aont reTerenoes 
9 ; de preference il eat prcvu une densite* plus grande de venous (e'est-a-dire un 
conleroemplusfstbteeiitrelesve^ 

maniere a aaaurer une bonne rtancheit* dans la liaison bout-a-bout des diff^renu 
35 troneons. 

Le cfaauflage et la polymensation de la preTonne sort realises une fois lc 
gonHa^ terming Upr^ssionfc 
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A titie indfcaiif, U pitssiot interne est de l'oftirt de 15 bin. 

Le chaufrage de U preTorme pent K faire soil en introduiswit ua fluide 
chaud a I 'mterieur de la prtforme, toit par reaction chimiquc exothcrmique, loit encore - 
de preTerence * par eflet Joule, ao moyen de resistances e*lcctriques (Ills chauffants) 
5 diiposeodaxxslaparoJdelar^ 
electriquedepiusUletedep^ 

A titre uxficatif. Utemp^atuie ndecawire a la poiyn*!roatioii est de rordre 
be 110a 140X,etUdurecdecettc tope estde rordre dc six a huit rjeures, 

Lorsque U pdymerisaoon des vencai 9 ct de I* pro de pitTonne «t 
10 tcrminec, et que le cimenl 6 a fait sa prise (figure 12). oo retire routillage 500. 50, 51 
(flecheK, figure 13). 

On install* alors un outil de coupe (501) a Pcxtrernite' du tube 5, et oo 
decoupe le maocboo d'etanch^tf de I^xtremit* haute de la preTorme (pdymerisce) 4* 
(figure 14), qu'on arrache ensuite. On opera de la meme maaiere pour le maocbon 
15 infencur. 

On obucntalors ua troncon de cbembap rigio> 4 f qui pio4«v coaxiak- 
ment le mbage precedent 2 (voir figure 15). 

L'operation qui vicat d'etre deaite est Wen sOr rticeree, troncon apres 
aoncon* afin d 1 oc*nir ta proTondcur de puits dbczaiU souhaitee, 
20 Da** un mode de realisation possible dc la prcYormc, cdlc-ci a une ame 

composee a 30% de resinc epoxy el a 70% de fibres de vcrre, cette Iroe ayaat uoe 
epaisseur de rordre de 14mm ; lea pcaux ioterieure et exterieure, en caoutchouc 
syotbe^que,c^ respective^ 

A titre indicatif, la portion principale de la prffonne 4 possede, a V6m 
25 d^ptie\undiametreime^^ 

184mm. tandis que la portion clargic 40 possede un diametre interieur de I'ordre de 
188mm et un diametre exteneur de rordre de 236mm. 

Lea portion 30-32 ct 31 du puifs out dea diaaeowmcyensdel'oidrede 
197mm et de 244,5mm, respecuvemcnt 
30 LaiooguevdesdifreVenlstionc^ 

simple titre indicatif, la longueur d* une preTorme pent toe de rordre de 500m. 

La figure 16 represente un puits F chemise* par un ensemble de troia 
tror^cfii2A.2Bct2Caboute5etcimentej. 

U figure 17 represente scWmafcquement une installation de tfce de puits 
35 qui perm* de mcttrc ca ocuvre k proceed selon I' invention. 

Sur cetle figure, la tete dc puits. reTerencee 55, est equipee d'uoe structure 
rodtallique (chassis) 1(» entourani la tele de puits. 
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Ccac structure 100 pone un iojcctcur 101 pourvu d'un sabot d'appui 102, 
et servant a supporter et 1 poosscr ks diff frtats HMtdrids lorsqu'iU sent aesceodus dans 
!e pints ou retires de cdni-d ; die se trouve A raplcsnbdet'ectreedupuita 

On a design* par la reference 54 un tambour de stockage sur lequd est 
5 enrouleeUpi*TofTi*;ete 

La reTerence 540 designe un taboc de suppatetdeguidagedeU cretonne 

al'entreedapuits. 

Let reTerences 55 et 57 designer* dea tambcw w lesqueU aoat etuoules 
et stocto respecu veraent let tubes "CT. M (Coiled Tubing) 560 ct 5. 
IQ Le tube 560 sen a supporter ct a deplecer Touti! de forage ; te tube 5 

(commc d6ja <fit) sen a supporter la prtToni^ a flutdes dc gonflage et de 

rimcntaaon 4 la pref onae, et a la connecter a une source de courant elcctrique (pour la 

polymerisation). 

L'ficctricile eat founue par un generaleur electhque S3. 
15 u itTerence 59 designe unecabine de controle de ropftranon. 

De maroere elasaique, Pcntree da puits a forer est initiaJement gamie d'un 

cuvdage 550. 

Le trepan 1 est adapts a 1'extremite' du tube 560, icquel est derail* du 
tambour rtoepteur 56, support* et guide* par le sabot 102, puis pousse* par rinjecteur 101 

20 (voir figure 18). 

On precede alors au forage du trou. de Tonne *tag^ 3, deannel 4 lecevoir 

le premier troocon (rxgure 19). 

Aprts mue ea place <k la pnSfonne, riraentmtion ct mise au rood, et eefin 
polymerisaUon in rim cte ccUe^. vU on conducted 
25 on retire k conduit central (50), km^ 

54 (vide) sur laquelk etait initialenienl stockee U preTorroe (figure 20). 

UprtTonneietrouveabou^dcmam 

On deTait easuite les connexions hydraulique et electhque avec la 
preYonne, on installe et on acelle de maniere 6unchc autour de la tete du puits un 
30 appereulagcde efcmrite* ad-hoc A, ceo par une technique convenbooaelk (figure 21). 

A 1'aide de Poutil de coupe 501, port* par le tube 5. ou decoupe les 
manchons d'tnmcheite' haut et has (figure 22). 

L'empe suivante coosiste a forer la section suivante. pour obtenir un trou 
6age~ 3 pcokmgeant 1c trooccn 2 (figure 23). 
35 Eosmte, on calibre les diametres et on venfie 1 'alignement du troncon 2 et 

du trou 3. a I'aide d'un instrument appropriC 1000 (figure 24). 

OnnietenplaceurjertouvdIepceTorme(fi 
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On te Wt descend!* dans 1c puitt. et on la positioone conv m a hlcmrn t dans 
le trou 3. On la connecte au lube 5, at an prortck «i gooflage» i U dmentotioii. et 4 la 
polymerisation (figure 26). 

On retire le conduit centra) 50. qu'on remontc et qu'on enroule sur le 
tambour recepteur 54 (figures 27et28). 

On suspend I'ouulde coupe 501 au tube 5, et on le descend pour deoouper 
les roanchons d^xtrfmite* (figure 29). 

On obdcnt ainri dm* tronfocs rigides aboutfs 2A f 2B (figure 30). 
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1. Proc&te pew forer ct chetniser un puits, notammeni un puits dc forage 
pttrolier, au moyen d'ua ensemble dc tron$ons tubulaires - ou preTormes - amiUina, 
traualement souples, aptes It ttre repiiecs loo^tudinalejncut sur eiles-mfcnies pour toe 
in trod tales dans le perils, puis a etre depfieca radialemenl sous Tcffct d'oae press km 

5 uiterne pour prendre unefoniiec^^ 

saiioo dc leur paroi, reocombremeat transversal d one prtfonne replie* c*tant de 
dimension maximalc seasiblemcut urfeneure a tea duusetre interne a I'euu depU6, et 
leadites preTocmea (4) poeteVJant one portion d'extrtmite' (40) dont le diametre - aprts 
deptiemcet - eat Wgercment supeneur a ceiui du reste dc la prtfonne, ce qui permet leur 
10 jonction bout-a-bout par embrftement avec rectxivremcnt de laditc portion d'extrejiutt 
(40), caractenaC* par le fiit que, un premier troo^on (1) ayaat e*te* mis en place du c6te" dc 
r entree du puits, am portion d'extrerai le* elargic (40) touracc vets le baa. 

a) on fait pasaeraxialement.de haul en baa a tnivewlcdil trooc<» (2). un 
ounl de forage ( 1), ct on fore au-deasous et dans le prolongeroent de oe uoncon (2) un 

15 trou(3)defonitte<deprofondeurad 

b) on retire l'outii dc forage (1); 

^ c) on introduit una preTonnc (4). a I'ftat repu c\ al iiitciieurdu putts en la 

faiaant traverser lc troocoo (2) deji en place, et on la positioonc cooveoaWement a 
rinterieur du trou (3), sa portion d'cxtffcnitf haute venant se placer a rintertcur dc la 
20 portion d'extremitf eTarpc (40) du trance* (2) ; 

d) on tntroduit un ciment fluide (6) au food du trou (3), aulour de la 
portion d'extrtmite' basse de La preTorrne ; 

e) on introduit un fluide sous pression (8). de densite* superieure a la 
denst* du cunent (6), k Tinteneur de la preTonnc (4) aftn de la deplier radialement, 

25 proarosai vcment de bas cn haul, en refoulant le cimeut, egaletnent de bas en ham, autour 
de U prtTonoc, centre la paroi du trou (3) ; 

Q tout cn maatcnanl la preTonnc sous prcssion interne, on cn chauffc la 
para pour Upotynienscr; 

g) le ciment ayant oris, ct U preTonnc ayant durci pour constitucr un 
30 troofco tubulaire rigide dc (4*). on retire wrialemcnt lea ouullages ayant acrvi 

an goollage ct a la pc4ymeruotton 

h) on reitere ropCrauoo pour les tronoons sirivants, jusqu*i obtenir la 
longueur de puits chemise* souhaitec. 

2. Precede* adec revendicaUon 1, caracterise* par le fait qu'oo utilise un 
35 ouul de forage (1) du genre trepan, apte a occuper selecuvcmenl trou e^dc contraction 
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radial e, a avoir un premier etat d'escombctment minimal, lui pcnoctunt de passer & 
rinieneur du troofoa (2) deja en place, un second etu, d'encombrcmcnt intennddiaire, 
pour Ic forage de la partie pri act pale (30) du trou (3) dun trotsifcme 6t*K dVncotnbtemcm 
maximal, pour Ic forage de la partie (31) du trou (3) destiuee a recevoir la portion elargie 
5 dcUprcTonne(4). 

3 . Proctfd* aelon la revxndicalkw 1 ou X c*r*ci6n*6 par Ic fail que ledit 
outttlage oomprend ime l£te (51) a double valve (52. S3) ptacec co partie basse de la 
preTotme (4), etaptea distribuer selectivement un n woe de gonflage (8) a V inteneurde U 
pr*Totme(4)e*ttacime^ 
10 4 . Installation de forage et de chemisage, dejtirwfe k la mise en oeuvrc du 

proc&U aelon Tune des reveodicauoos 1 a 3. caracterisee par le fait qu'elie coenprend, en 
tfcedupuits: 

- use bobioe (54) de stockage et de reception, a r*mt enroule\ de ladiie 

preTorme(4); 

15 - une tftte (101) aurplombanc Teatree (55) du puits, apte a permettre le 

guidage et riniroduction dans le puiti de la prtTonno (4) et des diiTerenU outillages 
servant au forage du puits ainsi qu'au gonflage el a UpdymeroationdeUpreTonne ; 

- des bobiaes (56, 57) de stockage a I *6al enrouW de tubes mtolliques 
elastiqucracmdeToniw^ 

20 dans le puits. Tun (5) decei tubes coo tenant un dole servant a r alimentation de la 
preTorme ea oouranl fleefcique ; 

• un generatevr de courant electrique (59). 
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54. PROCEDURE AND INSTALLATION FOR DRILLING AND LINING A WELL, PARTICULARLY OIL 
WELL DRILLING, BY MEANS OF INITIALLY FLEXIBLE, ABUTTED TUBULAR SECTIONS, AND 
HARDENED IN SITU. 

57. According to the invention, the lining of the well 
is accomplished by means of several preforms (4) 
coaxially abutted, which are initially flexible and 
folded back on themselves in order to have radially 
small overall dimensions which allow them to 
descend through the section (2) already in place; 
the preforms have a widened lower end which 
allows them to be nested with overlapping of the 

preforms; a preform is sealed in a hole made in [diagram] 
advance, through the section already in place, this 
sealing process using a cement (6) which is 
inserted in the base of the preform; by the 
subsequent insertion of a fluid under pressure 
inside the preform, the cement is forced from 
bottom to top against the wall of the hole, after 
which the preform is polymerized to harden it. 
Lining for oil wells. 



[vertical text in left margin:] FR 2 741 907 - Al 
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PROCEDURE AND INSTALLATION FOR DRILLING AND LINING A WELL, 
PARTICULARLY OIL WELL DRILLING, BY MEANS OF INITIALLY 
FLEXIBLE, ABUTTED TUBULAR SECTIONS, AND HARDENED IN SITU . 

The present invention concerns a process for drilling and lining a well, 
particularly oil well drilling, by means of a set of tubular sections — or preforms— that are similar, 
initially flexible, suitable for being folded longitudinally back on themselves in order to be 
inserted into the well, then radially unfolded under the effect of an internal pressure in order to 
5 take a cylindrical shape, and finally to be hardened in situ by polymerization of their walls, the 
maximum dimension of the overall transverse dimensions of a folded preform being substantially 
less at its inside diameter when unfolded, and said preforms having an end portion the diameter of 
which — after unfolding — is slightly greater than that of the preform, which makes it possible for 
them to be joined end-to-end by nesting, with overlapping of said end portion. 
10 Thus, by using this type of preform, which is known, particularly through 

document WO-A-94/21887, a lining can be obtained with constant diameter for the whole length 
of the well. 

In this regard, it should be remembered that with traditional linings (or well 
casings) composed of steel pipe, telescopic tubular sections have to be used, with diameter 
15 decreasing toward the bottom of the well, which poses problems of installation and subsequent 
operation of the well. 

The objective of the invention is to propose a process of drilling and lining the 
well, using preforms of the type mentioned above, which process can be implemented easily and 
quickly, at low cost. 

20 To accomplish this, and according to the invention, a first section is put in place 

at the well head, the enlarged end portion of this section being turned downward. 

The process according to the invention includes the following steps: 

a) a drill tool is passed axially downward through said section, and a hole is 
bored with a shape and depth suitable for receiving the next section, beneath and as an extension 

25 of this section; 

b) the drill tool is removed; 

c) a preform, in folded form, is inserted inside the well, causing it to pass through 
the section already in place, and it is suitably positioned inside the hole, its top end being placed 
inside the enlarged end of the section; 



2741907 



d) a fluid cement is introduced at the bottom of the hole, around the lower end of 

the preform; 

e) a fluid with a density greater than the density of the cement is introduced 
under pressure, inside the preform in order to open it out radially, progressively from bottom to 

5 top, by forcing the cement, also from bottom to top, around the preform, against the wall of the 
hole; 

f) while keeping the preform under internal pressure, the wall thereof is heated to 

polymerize it; 

g) when the cement has set and the preform has hardened to constitute a rigid 
10 tubular section of lining, the tools that were used for inflation and polymerization of the preform, 

as well as the distribution of the cement, are withdrawn; 

h) the operation is repeated for the subsequent sections, until the desired depth of 

the lined well is obtained. 

When, as will be explained further on, the preform has resin reserves that can 
15 migrate toward the exterior to form ring-shaped seal interlocks; these interlocks are put in 
position at the beginning of step f) above. 

In one particularly advantageous way, a drill bit is used that can selectively have 
three conditions of radial contraction, the first condition being of minimal size, allowing it to pass 
through the interior of the section already in place, a second condition of intermediate size for 
20 drilling the main part of the hole, and a third condition of maximum size for drilling the part of 
the hole intended to receive the enlarged portion of the preform. 

In one preferred embodiment, the tool used to inflate and polymerize the 
preform, as well as to distribute the cement, comprises a head with a double valve placed at the 
lower part of the preform, and suitable for selectively distributing an inflating fluid inside the 
25 preform and a fluid cement outside it. 

The drilling and lining installation, which is also a part of the present invention 
and is used to implement this process, is notable in that it comprises, at the well head: 

- a spool for storing and receiving the preform, in coiled form; 

- a head that hangs over the entry to the well, suitable for allowing the preform 
30 and the various tools for drilling, as well as for the inflation and polymerization of the preform, to 

be guided and inserted into the well; 
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- spools for storing elastically deformable metal pipe in coiled form, suitable for 
lowering and raising said tools in the well, with one of these pipes containing a wire used to 
provide the preform with electrical current; 

- an electric current generator. 

5 Other characteristics and advantages of the invention will appear from the 

description and appended drawings which represent, by way of non-limiting example, one 
preferred embodiment, as well as the corresponding installation. 
In these drawings: 

- figures 1 to 4 are diagrammatic views, in axial cross section, showing the 
10 various stages of the drilling operation in the part of the well that receives the preform; 

- figure 5 is a diagrammatic view of a preform and of the tooling to which it is 
attached, before being placed in the well; 

- figures 6 and 7 are partial view of the lower end of the preform, intended to 
illustrate the principle of the double valve with which the tool head is fitted; 

15 - figures 8 to 15 illustrate the different steps to install a preform at the end of a 

section already in place; 

- figure 16 diagrammatically represents, in axial cross section, a well lined with 

three coaxially abutted sections; 

- figure 17 is a diagrammatical view showing the different materials that 
20 comprise the installation, located at the surface (well head); 

- figures 18 to 30 — on a smaller scale— illustrate the operation of the installation 
during the different steps of the lining process. 

Figure 1 represents the lower end of a vertical well being bored and lined. This 
well, incompletely drilled, has a lining already in place in the form of a rigid cylindrical pipe 2 
25 having one enlarged lower end 20. 

The diameter D of this part 20 is slightly larger than the diameter d of the main 
part 2, so the sections 2 can be nested together with overlapping of the end parts 20. 

The lining section 2 is sealed in the well by a peripheral cement 200. 
We shall now describe how the next section, intended to abut the section 2, will 
30 be installed with the aid of the process according to the invention. 
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To do this, as illustrated in figures 1 to 4, a hole intended to receive this section is 

drilled. 

For this purpose, a drill bit 1 is used, which has the special feature of being able 
to be radially expanded or retracted in three configurations of different overall dimensions. 
5 In a first condition, illustrated in figure 1, the tool is fully retracted so that its 

largest transversal dimension allows it to pass freely inside the section 2. 

In this condition, its overall dimension is therefore smaller than D. 

In a known way, the drilling tool 1 is attached to the end of a tubular shank 10, 
which carries the motor (not shown) to drive the tool in rotation, and the components that provide 
10 for its radial deployment or contraction. 

As will be seen further on, the shank 10 is mounted on the end of a metal tube 
suitable for being coiled onto a receiving drum placed on the surface at the well head. 

In a second condition of radial deployment, illustrated in figure 2, the cutting part 
12 of the tool has a working diameter substantially equal to D. 
15 When the tool has been axially lowered into the well through the casing 2 already 

in place, it is radially deployed to the diameter D when it reaches the inside of the enlarged 
portion 20. The tool is then caused to rotate while continuing its descent as illustrated by the 
arrow F, in figure 1 . 

A cylindrical hole with the diameter D, coaxial to the section 2, is thus drilled in 

20 the ground S. 

The drilling depth corresponds to the length of the section to be installed. 

The tool 1 has additional cutting devices 1 1 that can be radially deployed to a 
diameter greater than D, in order to be able to receive the enlarged portion of the section the be 
put in place. 

25 As illustrated in figure 3, by raising the tool in the direction F 2 , the hole 3 is 

enlarged for a certain distance. 

In figure 4, reference 30 designates the wall of the main part of the hole 3, 

reference 31 the wall of the expanded portion, and reference 32 the bottom of the hole the 

diameter D of which is the same as that of 30. 
30 The preform 4, represented diagrammatically in figure 5, is of the same general 

type described in detail in WO-A-94/21887 cited above. 
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However, because this is a blind hole, the preform has no inflatable plug at its 
bottom; moreover, the preform 4 has a lower end 40 with expanded cross section. 

The preform 4 is supported by steel tubing 5 that can be coiled onto a storage 
drum located at the surface, which makes it possible to lower the preform into the well and to 
5 supply the cementation and inflation fluids, as well as the electrical energy for the polymerization 
of the preform, by means of a connection device 500 connected to a central conduit (axial) 50 
arranged inside the preform and connecting at the bottom thereof to a distribution head 51. 

This type of steel tubing which can be formed into coils is currently known in the 
art by the English term "COILED TUBING," abbreviated "C.T." 
10 Like the one cited in WO-A-94/21887 already cited, the preform is plugged and 

sealed at its upper and lower ends by sleeves that can be torn off or cut off at the end of the 
operation. 

The distribution head 51 has a double valve 52, 53 that can be selectively 
activated (from the surface). 
15 As illustrated in figures 6 and 7, the valve 52 allows an inflation fluid to be 

distributed inside the preform (arrows I), while the valve 53 allows a fluid cement to be 
distributed at the base of the preform, outside of it (arrows J). 

As illustrated in figure 8, the preform 4 — which is initially radially folded — is 
lowered axial ly into the hole 3, from top to bottom, through the section of lining 2 already in 
20 place. 

For this to be possible, of course, the transverse size of the folded preform must 
be smaller than the inside diameter of the unfolded preform, which corresponds to that of the 
casing 2 already in place 

When the preform is folded onto itself, it has a U-shaped or spiral cross section, 
25 as illustrated for example in figures 6A and 6B, respectively, of document WO-A-94/25655; 
when it is unfolded, it has a circular cross section. 

The preform 4 is positioned in the hole 3 so that its larger end 40 is facing the 
enlarged portion 31 of the well; the length of the hole 3 is determined so that, in this position, the 
upper portion of the preform is facing the widened part 20 of the casing already in place. 
30 A dose of liquid cement 6 is then injected at the base of the preform through the 

valve 53 (arrows J, figure 9). 

The cement is selected to have a density close to — even slightly greater than— 
that of the liquid mud 7 found in the well. 
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When this cement arrives at the base of the preform, it forces the mud toward the 

top. 

As illustrated in figure 10, the preform is then inflated by injecting a fluid under 
pressure into it, through the valve 52 (arrows I). 
5 This can be either a liquid introduced from the outside (from the well head) 

through the conduit 5 in the preform, or a liquid (water, mud or oil) already present in the well 
and pumped into the preform. 

The inflating liquid is advantageously selected to have a density slightly greater 
than that of the cement and mud surrounding the preform, so that the inflation occurs 
10 progressively from the bottom toward the top, as symbolized by the arrows H in figure 10. 

If not, the progress of the inflation from bottom to top can be controlled by 
providing a series of frangible containing rings that have a breaking point suitable for this 
direction of progression. 

The cement is therefore also forced from bottom to top against the wall of the 
15 well, as symbolized by the arrow H, while the mud 7 is forced upward. 

Preferably, there is not enough volume of peripheral cement to reach the top of 
the preform, in order to ensure a bonding without cement at the area of juncture between the end 
portions of the two sections 2 and 4 (see figure 1 1). 

Preferably, preform 4 has a resin wall that can be heat polymerized sandwiched 
20 between elastic internal and external skins, and provided, on the inner side, with a reserve 
containing resin that can migrate toward the outside to form ring-shaped flanges that help to 
anchor and seal the casing against the wall of the well. 

A preform of this type is described in the French patent application 94 08691, 
filed by the applicant on July 7, 1994, and in its international extension PCT/FR 95/00902. 
25 These ring-shaped interlocks, distributed along the preform, are referenced as 9. 

Preferably, the interlocks are higher in density (i.e., smaller separation between the interlocks) at 
the upper and lower ends of the preform, in order to ensure a good seal in the end-to-end 
connection of the different sections. 

The heating and polymerization of the preform are done once the inflation is 
30 completed, the inflation pressure being maintained inside the preform. 
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By way of example, the internal pressure is approximately 1 5 bars. 

The preform can be heated by introducing a hot fluid inside it, or by exothermal 
chemical reaction, or preferably by induction, using electrical resistances (heating elements) 
arranged in the wall of the preform or in the proximity thereof, and supplied with electrical 
5 current from the well head via the coiled tubing 5. 

By way of example, the temperature needed for polymerization is approximately 
1 10° to 140°C, and the length of this stage is approximately six to eight hours. 

When the polymerization of the interlocks 9 and the preform wall is completed, 
and the cement 6 has set (figure 12), the tools 500, 50, 51 (arrow K, figure 13), are removed. 
10 A cutting tool (501) is then installed at the end of the tubing 5, and the sealing 

sleeve at the upper end of the preform (polymerized) 4 5 (figure 14), is cut off and removed. The 
lower sleeve is removed in the same way. 

A section of lining 4' is thus obtained, which coaxially extends the preceding 
casing 2 (see figure 15). 

15 The operation that has just been described is of course repeated, section after 

section, in order to obtain the desired depth of lined well. 

In one possible embodiment of the preform, it has a core composed of 30% 
epoxy resin and 70% fiberglass, this core having a thickness of about 14 mm; the internal and 
external skin of synthetic rubber have a thickness of about 2 mm and 6 mm, respectively. 
20 By way of example, the main portion of the preform 4 has, when unfolded, an 

inside diameter of about 140 mm and an outside diameter of about 184 mm, while the expanded 
portion 40 has an inside diameter of about 188 mm and an outside diameter of about 236 mm. 

The portions 30-32 and 31 of the well have average diameters of about 197 mm 
and 244.5 mm, respectively. 
25 The length of the different sections can obviously vary greatly; by way of 

example only, the length of a preform can be approximately 500 m. 

Figure 16 represents a well P lined with an assembly of three sections 2A 5 2B 
and 2C, abutted and cemented. 

Figure 17 diagrammatically represents a well head installation that allows the 
30 process according to the invention to be implemented. 

In this figure, the wellhead, reference 55, is equipped with a metal structure 
(frame) 1 00 surrounding the well head. 
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This structure 100 carries an injector 101 furnished with a drag brake 102, used 
to hold and push the different materials when they are lowered into the well or pulled out of it; it 
is in line with the entry to the well. 

The reference 54 designates a storage drum on which the preform is coiled; it is 
5 mounted on a tramcar. 

The reference 540 designates a support and guide plate for the preform at the 

entry to the well. 

The references 56 and 57 designate drums on which the C.T. (coiled tubing) 560 
and 5 are coiled and stored, respectively. 
10 The tubing 560 is used to hold and move the drill tool; the tubing 5 (as already 

mentioned) holds the preform, feeds the inflating and cementing fluids to the preform, and 
connects it to a source of electrical current (for the polymerization). 

The electricity is furnished by an electric generator 58. 
The reference 59 designates a control cabin for the operation. 
15 The entry to the well to be drilled is initially furnished in the conventional way 

with a casing 550. 

The drill bit 1 is fitted to the end of the tubing 560, which is uncoiled from the 
receiving drum 56, supported and guided by the plate 102, then pushed by the injector 101 (see 
figure 18). 

20 1 Drilling then proceeds to the multistage hole 3, which is to receive the first 

section (figure 19). 

After the preform is put in place, cemented and inflated, and when it has been 
polymerized in situ via an electrical conductor 580 connected to the generator 58, the central 
conduit (50) and the tubing 5 to which it is attached are removed, coiling it onto the drum 54 
25 (empty) on which the preform was initially stored (figure 20). 

The preform is abutted against and sealed to the casing 550. 

The hydraulic and electrical connections to the preform are then disconnected, 
and an appropriate safety device A is installed and sealed around the well head by a conventional 
technique (figure 21). 

30 Using a cutting tool 501 carried by the tubing 5, the top and bottom sealing 

sleeves are cut off (figure 22). 

The next step consists of drilling the next section to obtain a multistage hole 3 

extending the section 2 (figure 23). 
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Next, the diameters are measured and the alignment of the section 2 and the hole 
3 are verified using an appropriate instrument 1000 (figure 24). 

A new preform is then put in place (figure 25). 

It is lowered into the well and suitably positioned in the hole 3. It is then 
5 connected to the tubing 5, after which it is inflated, cemented and polymerized (figure 26). 

The central conduit 50 is removed by raising and coiling it onto the receiving 
drum 54 (figures 27 and 28). 

The cutting tool 501 is suspended from the tubing 5 and lowered to cut the end 

sleeves (figure 29). 

10 Two rigid, abutted sections 2 A, 2B are thus obtained (figure 30). 
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CLAIMS 

1. Process for drilling and lining a well, particularly oil well drilling, by means 
of a set of tubular sections — or preforms — that are similar, initially flexible, suitable for being 
folded longitudinally back on themselves in order to be inserted into the well, then radially 
unfolded under the effect of an internal pressure in order to take a cylindrical shape, and finally to 
5 be hardened in situ by polymerization of their walls, the maximum dimension of the overall 
transverse dimensions of a folded preform being substantially less at its inside diameter when 
unfolded, and said preforms (4) having an end portion (40) the diameter of which— after 
unfolding— is slightly greater than that of the preform, which makes it possible for them to be 
joined end-to-end by nesting, with overlapping of said end portion (40), characterized by the fact 

10 that a first section (2) having been put in place from the entry of the well, its enlarged end portion 
(40) turned downward, 

a) a drill tool (1) is passed axially downward through said section (2), and a hole 
(3) is bored with a shape and depth suitable for receiving the next section, beneath and as an 
extension of this section (2); 

15 b) the drill tool (1) is removed; 

c) a preform (4), in folded form, is inserted inside the well, causing it to pass 
through the section (2) already in place, and it is suitably positioned inside the hole (3), its top 
end being placed inside the enlarged end (40) of the section (2); 

d) a fluid cement (6) is introduced at the bottom of the hole (3), around the lower 

20 end of the preform; 

e) a fluid (8) with a density greater than the density of the cement (6) is 
introduced under pressure, inside the preform (4) in order to open it out radially, progressively 
from bottom to top, by forcing the cement, also from bottom to top, around the preform, against 
the wall of the hole (3); 

25 f) while keeping the preform under internal pressure, the wall thereof is heated 

to polymerize it; 

g) when the cement has set and the preform has hardened to constitute a rigid 
tubular section of lining (4'), the tools that were used for inflation and polymerization of the 
preform, as well as the distribution of the cement, are withdrawn; 
30 h) the operation is repeated for the subsequent sections, until the desired depth of 

the lined well is obtained. 
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2. Process according to claim 1, characterized by the fact that a drill bit.(l) is 
used that can selectively have three conditions of radial contraction, the first condition being of 
minimal size, allowing it to pass through the interior of the section (2) already in place, a second 
condition of intermediate size for drilling the main part (30) of the hole (3), and a third condition 

5 of maximal size for drilling the part (31) of the hole (3) intended to receive the enlarged portion 
of the preform (4). 

3. Process according to claim 1 or 2, characterized by the fact that said tool 
comprises a head (51) with a double valve (52, 53) placed at the lower part of the preform (4), 
and suitable for selectively distributing an inflating fluid (8) inside the preform (4) and a fluid 

10 cement (7) [sic] outside it. 

4. Drilling and lining installation, used to implement the process according to 
any of claims 1 to 3, characterized by the fact that it comprises, at the well head: 

- a spool (54) for storing and receiving the said preform (4), in coiled form; 

- a head (101) that hangs over the entry (55) to the well, suitable for allowing the 
1 5 preform (4) and the various tools for drilling, as well as for the inflation and polymerization of the 

preform, to be guided and inserted into the well; 

- spools (56, 57) for storing elastically deformable metal pipe in coiled form 
(560, 5), suitable for lowering and raising said tools in the well, with one (5) of these pipes 
containing a wire used to provide the preform with electrical current; 

20 - an electric current generator (59). 
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